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Electromagnetic Theory

1.1 Electromagnetic Wave

Here we investigate the dynamical properties of the electromagnetic field by deriving a set of

equations which are alternatives to the Maxwell equations. It turns out that these alternative

equations are wave equations, indicating that electromagnetic waves are natural and common

manifestations of electrodynamics.

Maxwell’s microscopic equations are:

∇. =



(Gauss’s law in electrostatics) (1)

∇ ×  = −



(Faraday’s law) (2)

∇. = 0 (Gauss’s law in Magnetostatics) (3)

∇ ×  = 



+ (, ) (Ampère’s law) (4)

and can be viewed as an axiomatic basis for classical electrodynamics. In particular, these

equations are well suited for calculating the electric and magnetic fields E and B from given,

prescribed charge distributions ρ(t,x) and current distributions j(t, x) of arbitrary time- and space-

dependent form. However, as is well known from the theory of differential equations, these four

first order, coupled partial differential vector equations can be rewritten as two uncoupled,

second order partial equations, one for E and one for B.

1.2 Maxwell’s Equations

We are now able to collect the results from the above considerations and formulate the equations

of classical electrodynamics valid for arbitrary variations in time and space of the coupled

electric and magnetic fields E(t, x) and B(t, x). The equations are

∇. =



(1)

∇ ×  = −



(2)

∇. = 0 (3)
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∇ ×  = 



+ (, ) (4)

In these equations ρ(t, x) represents the total, possibly both time and space dependent, electric

charge, i.e., free as well as induced (polarization) charges, and j(t, x) represents the total,

possibly both time and space dependent, electric current, i.e., conduction currents (motion of free

charges) as well as all atomistic (polarization, magnetization) currents. As they stand, the

equations therefore incorporate the classical interaction between all electric charges and currents

in the system and are called Maxwell’s microscopic equations. Another name often used for

them is the Maxwell-Lorentz equations. Together with the appropriate constitutive relations,

which relate ρ and j to the fields, and the initial and boundary conditions pertinent to the physical

situation at hand, they form a system of well-posed partial differential equations which

completely determine E and B.

1.3. Maxwell Stress Tensor
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